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HYDROSTATIC TEST OF AN AIRSHIP KODEL.* 
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An airship niodel ii^a^de by the Oocdyear Rubhor Ccmpan-y, v:as 
filled with water and suspended fxom a beam and the dei" ormabions 
of the envelope . studied under the following conditions- 
fa) Both ballonets empty; 

(b) Forward ballonet filled with air; 

(c) Rear ballonet filled with air; 

(d) Both ballonets filled with air. 

Photographs were taken to record the deflections under each of 
these conditions, and a study was nfiade to determine the n;ininium 
head of water necessary to maintain the longitudinal axis of the 
envelope under .these conditions* Additional photographs were tak- 
en of the model filled with air and after filling with water be- 
fore any adjustment of the suspension was made. The form of the 
cro^^s section when filled with water was obtained by bending a. 
heavy piece of fuse wire to conform with the surface and then by 
laying the wire- on paper and tracing the shape. The effect of fill- 
ing with water on the length of the model v;as also noted* 

A-pparatus used . - As may be seen, from the following photon- 
graphs, the model was suspended from, a framework in front of a ver- 
ticr.l screen of cross section paper having lines one inch apart* 

The tension in the cords was adjusted by screv;ing up the nuts on 

*This report is a slightly revised form of the unpublished Report 
#22, Construction Departm.ent, Navy Yard^ TVashington, D. C, 
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the l/S-inoh brass rode \T?:iich ran tlirough the beajii, as shovm in 

the photographws. The lcT;er ends of these reds v;ere bent to form 

hooks into which the cords were tied. 

Cprditions of To.<3t.~ Six cords on the end, -both forwa^rd and 

rear were run to a single ring and fastened. In this test they 

'rere run through the ring in order to provide for ad.iiistment of 

each cord. The rings '^reT3 held in place by a v:ire^ ^^hich laiay be 

sebu in the photograph, and ^hioh was fastened to the Vee, at the 

end of the third ccrd from the end on each side. When filled with 

\mter an upn-ard force 'ms e::erted near the stern at the position 

occupied by the rudders and fins on the airship. The v;eight of the 

fins and rudders on the full-size airship is 480 pounds. The 

forces acting on the model are --."^-^ times those on the fr.ll-sise 

c.irship; hence this upn-ard foroe was made Jt^^o > °- ° po'-ii'-cls. 

This force vras mea.sured by supporting a stick at its middle on a 

knife edge and hanging a r/eight of 15.9 pounds on one end; -.Thile 

from "Ghe other end, as is shc^m in the photographs, the stern of 

the model v^as suspended. It :7ill be noted that the moment exerted 

by this force, tending to tip the stern up, is =^ tim.es the 

30. 18^ 

moment of the rudders and fins on the full-size airship, and as the 
cords ^vere adjusted to a 1^3ngth equal to approximxatoly ^q"' fs 

times that of the full-size airship, the mom.ent of the vreight of 

1 

the model about the ends of the cords near tne beam is 

30. 18" 

tim-es the m.oment in the fiill-size airship; hence the m.oment exerted 
by 15.9 poi:.nds is correct in this report. It m.ay also be sho'7n 
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that the stress in the fabric c.-uced by this moment is the same a£' 
in the ful?.-size airsnip. The i:.at sticks under the band v^exe 
3inipl7 to distribute the force of the band in a way similar to that 
m Thich the force of the fins and rudders is distributed in the 
full-size airship^ and to prevent the band making a deep ind.enta- 
ticn in the r.iodel* 

The entire apparatus was mounted on platform scales in order 
xc determine the change in weight under the various ^ conditions. 

The pressures used v;ere measured b3'- manometer tubes ^ as sho^n 
in the photographs^ and were as follov;s* 

Pressure of air (air filled) 13 l/S in. water ^ 

" ^' water (water filled) 1/4 (approx, y 

" " air in forward ballonet 20 " " 

" " air in rear ballonet 30 " " 
" " air in both ballonet s 

(used together) 15 " " 

The pressure of the air when air-filled was made 19 1/2 inches 
because abotit this pressure was necessary to strati ght en out the 
wrinkles and give the model a fairly smooth appearance. It ^vas as- 
sum.ed that the same pressure would hold the ballonet s in shape ^ 
and hence it was used. Cue to a leak in the connections v;hen both 
ba^llonets were filled the pressure had dropped to 15 inches ''Then 
the picture was taken. This was considerably in excess of the 
water pressure on the outside of the ballonet s., hence they must 
have been completely filled in all cases. One-quarter of an inch 
of water was used as this was the smallest amount tha.t would indi- 
cate with certainty that the model was filled* A slight change in 
the air pressure, occurred constantly, due to the cooling of the 
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air after conpreasion and al£,o as a result of leaks, caused the 
Tvater level to onanga slightly, re^quinng that a slight head be 
used "GO r.ake eure that the head did not becorie less than zero. 

Considering that the fabric in the ::^odel nio^ht take the form of 
that in the full-3ize airship, a quarter- inch head, equal to a 
probable increase of a 1/4" in the vertical distance from top to 
bottom of the envelope,, was tc.ken as zero head. 

Correct ion for Rea ding s on Cross-Section Paper>- The lens of 
the camera was kept at a constant distance of 200 inches from the 
screen, measured in the path of the light. As the distance from 
the axis of the model to either screen was S inches, the actual 
dimensions of the model m.ay be determined for any point on it by 
reading the dimension on the cross-- sect ion paper and reducing it 

by the ratio ^9^7^ = . S55, If a grea.ter accuracy is desired, a 

200 

correction for the inaccuracy of the paper should be made; the ac- 
tual width being 19l-g inches instead of 20 inches. The correc- 
tion lengthwise will be by the samiC rc.tio, of course. 

DISCUSSION OF PHOTCGFLIPIIS. 
Filled with Air. - Fig. 3 shows the model filled with air and 
was the first one taken. The model he.d stood for several dajrs 
filled with water, and it presents a much sm.oother appearance than 
when first filled with air before standing filled with water. It 
was found necessary in order to bring the mxodel to a horizontal 
position to support nearly the entire weight by the oords furthest 
to the right of those which appear verticcil in the side view. The 
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other cords were drawn -up as far as possible without causing an^: 
appreoiable tension. 

Filled T;ith wate r (no.t^gdjiistedl- - Fig. 4 shows the model 
filled with -.-rate^.-, no adjustmea": oi the cords having tsen nads af- 
ter taking photograph. Fig. 3. It will be noted that the stern 
had sagged more than the prow and there was an off-set in the axis 
under the rear end of the belly band. Tho vertical cords toward 
the rear "ere too tight, causing a narrow section to show from a 
top view. It is not only the cords which took the weight when air- 
filled, however, that were too tight as those juct ahead of then 
appear equally stressed. The foremost of the cords passing through 
tho rear ring caused an Indentation and for this reason the^- were 
removed fron the ring before the next picture 'vas taken. The in- 
dentations around the ballonet va.lves were due to the fact that the 
cords attaching the ballonets to the envelope ware too short. The 
wavy appearance of the sides was due to the seain and r.ost of these 
\7aves did not extend much beyond the sea-m. The -;ave3 in the belly 
band took the fore shown accidentally, and did not indicate that 
the cords vi-ould cause a similar fern on the full- si 2e airship. 

Filled with Wat er (adjusted).- The following adjustments were 
i-.iade before taking photograph. Fig. 5. Numbering fron the stern 
No. 3 cords -Tere taken out of ring and adjusted, which caused uhe 
position of the ring to change' Noa. . 1 and 3 were taken up about 
1 inch; No. 5 was let out about 1/4 inch. The rear cords v/ere net 
tightened more because of the wrinkle which began to appear just 
undar their upper ends and because tightening then threw the cords. 
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which arpearad in a vertical plane in the plan, more and more out 
01 the vertical4 The axis of the model was> howevel*, straightened 
Gonoidsrably in this v;ay us ina'y be noted^ 

Forvvard BaJlon^et F.illel with Air. - The principal effect of 
filling the forward callonet v;ith air, as shown in photograph, Fi^. 
6, to tip the forward end up and to broaden it, the broadening 

beinvg chiefly due to the increased tension in the cords holding 
the ballonet. The model at the same time moved forward as is 
shown by the increased inclination of the corda. Due to sore pe- 
culiarity in the lighting, the liquid in the tube did not register 
clearly, but the pressure was about 20 inches of water. The ten- 
sion in the rea.r vertical cords was increased, as is shown by the 
tendencj^ to v:rinkle on the sides under them. 

Hear Ballonet Filled with Air .- rilling the rear bewllonet with 
air, as sho'vTO in photograph. Fig* 7, had the same effect as that 
in photograph, Fig. 6, except that it v;as at the other end w^hile 
the dent under the beam toward the rear end which disappeared in 
photograph, i'ig, 6, reappeared here. The cords in the middle sec- 
tion sprang to a vertical plane, those farthest forward taking the 
greater tension. 

Both Ballonets Filled with Air . - In this condition, shown in 
photograph, Fig. 8, the axis was in nearly the sajxie position as 
with both ballonets empty, except that the ^-tern was higher by 
a.bout 1 1/S inches. The cross-section at each end w^hen the ballo- 
net s/: that end was filled was of this form. 



It v;a3 r.otsd from a plan view that the filling of either of 
tne callonets ;7ith a.ir distorted the stream line form considerabl:^ 

Foroe Exerted bv B allone ts is of Prc-p er Magnitu de.- That the 

buoyancy ox the air in the ballonets is of the proper iiiagnitude , 

i- 3. > v^T^r times the negative buoyancy of the ballonets in the 
3C. Ic3 

f^ij.l-size airship^ is evident from the fcllo^'^ing reasoning. A bail 

lonst fron 'the full-size airship imr/iersed in water would have 309 

times the buo^^ancy in the opposite direction, but the ballonet in 

the model has times the volume of the full-sise air- 

903 X 30. 18 

ship ballonet; hence the force which it exerts is 

909 X i ~ ^ — i — 

909 X 30. 18 30. 18 

times the force exerted by the full-size airship ballonet; hence 
the ratio is the same as for the other forces. 

Relation of Stresses in Model to Those in Fiill-size Airship . - 
The reason for making the model jQ^g scale v;as that under this 
condition the stress in the fabric when filled with water is equal 
to that in the full-sice airship when filled with hydrogen. A 
proof of this is given in the note following the data.. The weight 
of the hulls, however^ act in opposite directions in the two cases 
In the full-size airship it causes no tension on the cords and in- 
creases the tension in the fabric on the top. In the m.odel the 
weight is taken by cords and the stress in the fabric just outside 
of the belly band is increased. This difference may be eliminated 
"by placing a rubber tube filled v;ith air inside the model. It was 
impossible to place this tube inside this model, however, without 
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snaking an axartiire in the envelope^ which was not thought desirable 
r.or necessary as the weight of the hull very siuall corxiFared 
TTith the xTCight of the water, v/hereas in the full-size airship it 
is much greater compared with the buoyancy. 

Action when Partly Filled .- In order to obtain additional data 
to aid in deciding as to the pressure to be recommended, additional 
tests were imde as follows, ll7ater was drawn from the water-filled 
model with ballonete empty until the tail collapsed, due to the 
rudder and fin v/eight- This occurred when the level of the water 
was about two inches below the inside edge of the belly band. To 
bring it to this level about 1/3 of the total weight of the water 
was drawn off. On the following day this part of the experiment 
was repeated at which time the level was brought 3 1/3 inches below 
the inside edge of the belly band before a collapse occurred. This 
difference in results is explained by the fact that when the model 
is only partly filled it is in an unstable condition* If for any 
reason the water starts to run toward one end, that end becoming 
iieavy sinks while the other rises, and the water rushes to the lower 
end. The first day that this part of the experiment was made, when 
a level of two inches below the inner edge of the belly band v/as 
reached, the water began to run forward and a collapse occurred. 
The second day it started to run in the opposite direction, a crease 
developing under the rear filling valve which became 1 l/2 inches 
daep before the water began to run the other way and a collapse 
occurred. 
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Act ion of R udde r and El evator Forces.- It was calculated that 
et -^5 railes per hour and uith the rudder a.t 30^'^ the force on the 
rudders for a model of this size would be about 3/4 of a pounds 
and the force on the elevators vould be approximately the same for 
this condition. However, as the other forces are 30, 18 times 
those, correct to scale, for a model of this size^ the rudder and 
elevator forces n:ust be Increased in the samiS ratio; hence a vjeight 
of 32 1/3 pounds was used to rsprssent the total pressure on the 
rudders, a,nd the sam.e weight was used to represent the total pres- 
sure on the elevators. The effect of hanging this v;eight on when 
with a. head of 1/4- inch (ballonets empt^O ^-^as to deflect the stern 
about 8 l/S inches. V7hen exerted sidewise the deflection was about 
one foot. Under a head of 10 inches the deflection was about 3 l/2 
inches dovm and five inches sidewise. 

Action with Rudd er and Fin Weights Rernoved >- A head of IC 
inches was then put on the model, and the rudder a.nd fin weights 
removed* The axis was not bent noticea/oly due to this remova.1, al- 
though the inclination wa.s of course cha.nged. The head was then 
decreased and the axis gradually bent until at one-- inch head it 
had bent so that the stern was about five inches lower than with 
the IC-inch head, a.nd it was also bent to the left about six inches 
and there was a fold in the fabric on the left side and bottom about 
1 1/4 inches deep under the rear filling valve. 

Chan,g'e in V olum.e wit h Pressure ,- Under the 10- inch head the 
weight was 465 pounds, a^n increase of about 4 per cent in net 
weight over that for l/4-inch head. However, there would be a much 
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graa/ucr r^exoe-^.ta ir crease in "ouoyr.ncy In the lull-sisa Cvirohip 
due to this lncrea.3e in head. 

Cross sections of the water-filled rtcdel -"ith 1/4 -inch head 
are shovrn on Fig. 1, As -""^iou^ly stated these were ohtained ;oy 
bending a heavy fuse wire around the model, Ihe tracing thus oo- 
tainsd ryas then reduced by the pantograph to the size shown in the 
figure. As noted p.bove^ the form when the ballonets ':7ere filled 
ms with eu valley on the under side. As this '^":as due chiefly to 
the ballonet cords being short and T7ould not occur to the same de- . 
gree in the fu.ll-size airship^ no reproduction of the cross section, 
when the ballonets were filled^ was iT^ade, 

Conclusi on. - From the above it appears that any press^ire suffi- 
cient to keep the airship full inay be used. Ko data was obtained 
which could be used to determine to what extent the wind would af- 
fect the deformation. But it appears that a pressure of one inch 
of water would provide a suitable factor of safety^ aiid therefore 
this is the pressure recommended. Due to the negative buoyancy of 
the ballonets^ a pressure of -about 0.4 of an inch of water in encess 
of the pressure used on the hydrogen is necessary to equalize the 
pressure inside and out at the top of the ballonet. This differ- 
ence between air and hydrogen pressures should be increased to rro""^- 
ably at least 3/4 of e.n inch to compensate for the weight of the 
ba^llonet and for the tension on the cords. 
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DATA. 



DIKENSICNS OF KO.DEI- 





oonaition 


: in inches 




: air filled 


• 61.4 




:., filled,;, net adjusted. 


I ..61.1 


Length • 


: water filled^ adjusted 


: Cl.O 


: from specifications ; 






. 3^;^3 . 160 )= 13 


63. 6 




air filled^ actual, : 


13. 4 


Maximum ' 


from specifications : 




diameter • 




IS. 5 



Data conti'Ai.uecL. 



TJEIGHTS C? IIODSL 
(Including Apparatus) 



How : Pressure : Pressure ' r.'eigti"; 
filled : in Model : in Ba.llonets :.A^_I'?2-tSl:?- 



Air : 19 l/S in. : none : 311 

Tv'atsr : l/4 " : " *• 47S 

" : 1/4 " : For.;aid, 3C in. : 431 

" : 1/4 " : Rear, SO in. : 455 

" t 1/4 " : Both 15 in. : 439 

" : 10- in. head '■ none : 4-33 

« : : : 4:i3* 

n ' _„ : " 1 4C3** 



*At point of collapse, first trle.l; level of -ater 
3 inches below inside edge of bolly band. 

**At point of collapse, second tri3,l; level of -ater 
3 1/2 inches belo-jr inside edge of belly band. 

Weight of water which ruodel should held, calculat- 
ed froR! displacement given in specifications 
(77,0C0 ou.ft. ) = '^^^.pj — - =175 pounds. 

V-'eight of virater actually held by i-rsodel at 10-inch 
head = 483 lbs. - 311 lbs. = 172 lbs. 

Short Proof that Stre ^« Ffthric ir Model Eouals that in Full- 
size Airshi-p .- This proof is based on the fact that in a model rnaae 
exactly to scale throughout, the stress per unit area, in any num- 
ber, is the same as in a full-sized airship, if the pressure per 
unit area of the liquid remains \mohanged a-t all points. This is 
the case, hov;ever, that if the head of the water is rightly choser, 
both pressures are the sam3 function of the height. This necessi- 
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tates in addition that the liquid used in the r.odel have a greate - 

buoyancy (positive or negative) than that used in the iuil-si2.e 

airship, and if the thickness of the fabric in the irodel be reduced 

by the ratio ^, :s the scale of the nodel, the buoyancy of 

J n' 

the liquid used -.mst be n times that of the hydrogen, but if it 

be not reouoed, the cross sectional area of the fabric in any plane 

is r. trT-es as great as it should bs to cause the desired stress 

with a fluid having a buoyancy n times that of hydrogen. Hence, ^ 

in order to cause the stress in the fabric of the r:.odel to equal 

that in -he full-size airship, it is necessary to make the buoyancy 

of the liquid n times as great as it v;culd be if the thickness of 

the fabric -.veve to scale. The ratio of the buoyancy of the liquid 

to be used;, to the buoyancy of hydrogen, is therefore n-^. The 

ratio of the buoyancies of mter and h^rdrogen is 909. The scale to 

be used is then —1- = — ^ — . The negative sign is not introd.uced 

909 30. IS 

in connection with the buoyancy of ^vater in air since the model was 
placed upside dC'^n, thus reversing the bvioyancy. 
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APPEl.TIX 
DTRSNaTK 0? GROG'S FOOT. 

A test was r.ade to determine the strength of a crow^ s f oot 
such is vised to fr.sten the ropes on airships and fr-'rnishsd 1)Y 
the Goodyear Rubber Corupany. The arrangenent of tno apparatus v-:,s 
as sho'vTH on Fig. 3. The small ropes of the crow* s foot were fas- 
tened to the floor by i::eans of a rope, and the fa/oric pulled up- 
v.ard by means of a chain hoist* Suspension scales between the 
cro\T»s foot and the hoist ^'rere used to determine the force exerted. 
The apparatus was tried without the wood framework about the iron 
pipe at first, and it was noticed that the middle fingers were tak^ 
ing by far the greater part of the load due to bending of the pipe. 
In order that all four fingers might be stressed to more nearly 
the same degree the wood frame was made so that it supported the 
pipe at all points, and with a piece about 1 3/4 inches by 2 1/2 
inches across the back, as shown in the rear view to prevent the 
ends being bent toward ea.ch other. However, even v^ith this arrange 
ment, it was noted that the two middle fingers were under greater 
stress "Chan the others. 

Failure occurred at 1135 pounds which gives, when the weight 
of the frame is subtracted, practically 1100 pounds. The fibers 
of the rope held securely, and it vjas only the fabric at the ends 
of these fibers which g^ve waj^ 

Tests to determine the strength of small crow' s feet (about 
inches x o l/2 inches) were also ma.de. These were cemented to the 



fabric of tha large crowds foot, and weights applied until failui 
occnrred. Se-'en tests 'vere ir.ade and failure occurred at tne fol- 
lowing loads: 

No. of Test 12 3 4 5 6? 

Load (in lbs.) 190, 190, 185, 1S5, 200, ISO, jSO 
Average Load 137 pounds. 

Tlie tiTie taken on each test, except Ko- 7, :7as about 10 iTinutes. 
In No. 7, a load of ISO pounds was put on and left for about SO 
minutes, in order to ascertain roughly if tiL:e was an irr.portant 
factor. In this test practice.lly all the stre^nds of the cords pu 
ed cut, whereas in all of the other tests, er.cept No. 6, only part 
of them pulled out while the others broke, the number which broke 
varying from 1 to 3. 
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Fabric spliced along 
this line. Fabric on 
other side at 45^ to 
this* 



Layer of fabric with rub- 
ber on both sides. The 
rope fibers were between 
this and the wider piece 
on top. 



1/4" dia. rope\"^Rope fibers 
.fastened to "Point of failure 

floor 

Scale approx. 3/4" ^ 1' 



Fig, 2. xirrangement for test of crow's foot, 



Fig. 3. Filled with air. 




